Background-A dynamic change in industry, lifestyle, and healthcare structure brings a corresponding change in disease patterns. Limited data exist with respect to secular trends in stroke epidemiology in Korea, a rapidly developed country. Methods and Results-We analyzed individual patient data registered the Korean Stroke Registry, a nationwide hospital-based stroke database, between January 2002 and November 2010. Mortality data were obtained from a national death certificate system. Linear or logistic regression analyses were performed to assess secular trends. A total of 46 098 patients were included in this study. MeanϮSD age was 66.1Ϯ12.3 years, and 57.6% of the patients were men. Over the 9-year period, patient ages steadily increased by 0.24 year annually (PϽ0.001). Risk factor proportions of hypertension, diabetes, smoking, and prior stroke declined slightly (PϽ0.05 for all). However, dyslipidemia frequency showed a complex pattern of an initial decline and then an increase. For relative proportions of subtypes, cardioembolism increased, small vessel occlusion decreased, and large artery atherosclerosis remained stable. Still, intracranial stenosis overwhelms extracranial stenosis, but extracranial stenosis is on the rise. Arrival within 3 hours increased from 20% to 29%, and reperfusion therapy increased from 5.3% to 7.0%. Age-adjusted all-cause mortality did not decrease at 30 days but decreased at 1 year over time. Conclusions-During the first decade of 21st century, stroke characteristics in Korea changed, likely because of increased lifespan, westernized lifestyle, and improved public awareness. Stroke experts need to cope with these distinguishing trends to establish a better strategy for prevention and acute therapy. (Circ Cardiovasc Qual Outcomes. 2012;5:327-334.)
S
troke is a major health burden worldwide. [1] [2] [3] [4] [5] Expansion of the aged population and alarmingly increasing vascular risk factor prevalence in the child and middle-aged populations undoubtedly forecast an exponential increase of stroke burden in the near future. 3, 4 Rates of cardiovascular risk factors and disease phenotypes vary not only by ethnic group, but also across the socioeconomic state of a nation. 5 The Korean economy has continued a stable and strong growth during the past 3 or 4 decades, and rapid industrial and societal changes have imposed a great impact on disease patterns. 6 It is widely supposed, but has not been systematically explored, that multiple domains of risk factors, stroke subtypes, and public awareness of and response to acute stroke have changed in Korea. Experiences from Korea can be informative in establishing stroke prevention strategies and acute care systems in other rapidly developing countries.
Hospital-based stroke registries have well-recognized limitations in generalizability and ability to estimate incidence and prevalence of populations. However, in contrast to population-based epidemiological studies, they generally ensure more-accurate and comprehensive data with regard to demographics, risk factors, stroke etiology, admission pattern, provided care, and clinical outcomes. Accordingly, stroke registries are well suited to defining the secular trends of these multiple domains. The Korean Stroke Registry (KSR) is a multicenter, prospective, hospital-based stroke registry. Launched in 2002, the KSR has collected nationwide data to gain insight into stroke diagnosis and care. 7 In the present study, we aimed to evaluate recent national trends in clinical characteristics, delay in seeking medical care, reperfusion therapy, and mortality in patients with acute ischemic stroke in Korea.
WHAT IS KNOWN
• Rapid industrial and societal changes can lead to dynamic changes in risk factors, stroke phenotypes, and treatment.
• Korea has achieved a remarkably high level of economic growth in a short period of time.
WHAT THE STUDY ADDS
• The ages of patients with stroke are steadily increasing over time.
• Cardioembolic stroke continues to increase.
• Extracranial artery stenosis is on the rise.
• Arriving at the hospital within 3 hours and reperfusion therapy are increasing.
• Age-adjusted all-cause mortality at 1 year is decreasing.
Methods

Registry Characteristics
In 2002, the Korean Stroke Society launched a task force comprising stroke specialists in neurology from 26 major university hospitals throughout the country as well as recruited hospitals. To date, the 31 educational general hospitals in Korea have phased in the registry system (online-only Data Supplement Table I ). The participating hospitals have registered patients with ischemic stroke or transient ischemic attack (TIA) within 7 days after symptom onset. Stroke was diagnosed through clinical symptoms and relevant findings on CT and MRI scans and magnetic resonance angiography. TIA was defined as a sudden focal neurological deficit that completely resolves within 24 hours. The KSR provides a Web-based database (www.strokedb.or.kr) in which each participating hospital can register patient data in real time. An attending physician initially enters the data into the registry, and all records are regularly monitored within a 1-to 2-week interval by dedicated faculty members with stroke expertise at each hospital for completeness and consistency. The steering committee of KSR has monitored data consistency regularly within a 3-month interval and has encouraged consistent registration. Nonetheless, unexpected circumstances, such as change of individual hospital policies and turnover of dedicated staff at each hospital could cause inconsistent registration during a certain period. The guidelines and procedures of this registry were approved by the Institutional Review Board of the Hallym University Sacred Heart Hospital as a delegate of participating hospitals.
Data Acquisition
We acquired all registered data from 31 centers between January 2002 and November 2010. Exclusion criteria were missing demographic information; incomplete (Ͼ10%) documentation for all categories; duplication; protocol violations, such as admission after 7 days from onset; and age Ͻ16 years. For each patient, we collected data on demographics, risk factors, Trial of RRG 10172 in Acute Stroke Treatment (TOAST) stroke subtypes, stroke onset, prehospital delays, initial stroke severity as measured by the National Institute of Health Stroke Scale (NIHSS), radiological findings of intracranial and extracranial stenosis relevant for the index stroke, and in-hospital management. We also obtained mortality data for each patient from the Korean National Vital Statistics system. 8 Smoking was defined as a smoking history of Ͼ2 pack-years or current smoker. The stroke mechanisms were determined by TOAST criteria as follows 8 : large artery atherosclerosis (LAA), small vessel occlusion (SVO), CE, stroke of other etiology, and stroke of undetermined etiology. TIA was not classified for a certain etiology in the TOAST criteria. The KSR provides an algorithm protocol for TOAST classification to enhance standardization. All records on stroke subtypes were monitored by faculty members at each hospital for internal consistency and were refined by a regular discussion by the steering committee for external consistency. In LAA subtype, the location of stenosis relevant to the index stroke was classified into intracranial arterial stenosis of anterior circulation (A-ICAS), extracranial arterial stenosis of anterior circulation (A-ECAS), and posterior circulation stenosis. The A-ICAS was defined as Ͼ50% luminal narrowing or occlusion of proximal portions of the middle cerebral artery, anterior cerebral artery, and intracranial portion of the internal carotid artery. 9 The A-ECAS was defined as Ͼ50% luminal narrowing or occlusion of extracranial portions of the internal carotid artery and common carotid artery. 10 The posterior circulation stenosis was defined as Ͼ50% luminal narrowing or occlusion of the vertebral artery, basilar artery, and posterior cerebral artery.
Definition of Variables
Statistical Analysis
Baseline characteristics were summarized by meanϮSD or number and percentage for each calendar year of stroke diagnosis. Annual trends in age, time interval after onset, and NIHSS scores were estimated by linear regression analyses. Age trend was analyzed separately for men and women. For the binary categorical variables, log-linear Poisson models were used to estimate rates of increase by calendar year. Calendar year was treated as a continuous variable in the analysis. The mortality change was adjusted for age using 10-year age intervals. Results are presented as relative risks (RRs) with 95% CIs. All P values are 2 sided, and a 5% level of statistical significance was used. Statistical analyses were performed with SAS STAT version 9.1 software.
Results
Baseline Characteristics of the Patients
A total of 53 542 patients were registered in the KSR during the study period. After a review of the records, we excluded 7444 patients because of missing demographic information and incomplete (Ͼ10%) documentation for all categories (nϭ2922); duplicate registrations (nϭ2061) from early referral to another hospital, recurrences, or registration errors; protocol violations (nϭ2461), such as admission after 7 days of onset; and age Ͻ16 years. The numbers of excluded cases according to each hospital and year are shown in online-only Data Supplement Table I . There were no significant changes in the exclusion number among the years or the hospitals, but clinical characteristics of the excluded cases differed from those of the study population with respect to age, risk factors, NIHSS score, and prehospital delay (online-only Data Supplement Table II) .
Finally, 46 098 patients with ischemic stroke and TIA were included in the current study. The mean age was 66.1Ϯ12.3 years, and 26 566 (57.6%) were men. Women were older than men (69.2Ϯ11.9 versus 63.9Ϯ12.1 years, PϽ0.001). There were 42 981 (93.2%) ischemic strokes and 3117 (6.8%) TIAs. Hypertension was the most common vascular risk factor (29 266 Table 1 and Figure 1 
Secular Trends
Demographic and Risk Factors
Stroke Subtypes
Of 46 098 patients, 36 191 with ischemic stroke were subjected to the stroke subtype analysis after excluding 3117 with TIA (6.8%) and 6790 with missing values based on TOAST classification (14.7%). LAA stroke was the most frequent stroke subtype (36.1%) followed by SVO (25.4%), CE (17.1%), and other (stroke of other etiology, 1.8%; stroke of undetermined etiology, 19.6%). In Poisson regression models, the relative proportion of SVO decreased, with an RR of 0.96 per year (95% CI, 0.95-0.97) between 2002 and 2010, whereas CE increased, with an RR of 1.06 per year (95% CI, 1.05-1.08) during the same period (PϽ0.001) ( Table 2 ). This trend in the stroke subtype is also shown in Figure 2A . The relative proportion of LAA did not show any directional trend across time periods over the 9 years of the study. Although stroke of undetermined etiology proportions have decreased (RR, 0.99; Pϭ0.021), extensive investigation still failed to define stroke mechanisms in one sixth of the patients. Stroke of other etiology proportions have increased (RR, 1.08; PϽ0.001), but its contributions were minute at Ͻ3%.
Distribution of Stenoocclusive Lesions
Of 13 061 patients with LAA subtype, angiographic data were available for 11 123 (85.2%). Stenoocclusive lesions relevant for the index stroke were classified into A-ICAS, A-ECAS, A-ICASϩA-ECAS (patients with carotid territory stroke having tandem lesions), and posterior circulation stenosis. Between 2000 and 2010, relative proportions of A-ECAS (RR, 1.07; PϽ0.001) and posterior circulation stenosis (RR, 1.04; PϽ0.001) have increased over time, Data are presented as meanϮSD or n (%), unless otherwise indicated. P value and age were analyzed by linear regression and other categorical variables by log-linear Poisson regression. RR indicates relative risk; TIA, transient ischemic attack; HT, hypertension; DM, diabetes mellitus; PSCE, potential source of cardioembolism; rt-PA, recombinant tissue-type plasminogen activator; UA, unadjusted; AA, age adjusted.
whereas the A-ICAS proportion has declined (RR, 0.95; PϽ0.001) ( Table 2 ). This trend in the LAA subtype is also shown in Figure 2B .
Interval of Onset to Arrival and Thrombolysis Rate
For all patients, the average time interval between symptom onset and admission was 28.4Ϯ36.0 hours. As shown in online-only Data Supplement Figure I Figure 3B ).
Stroke Severity on Admission and Mortality
The average NIHSS score was 4 (interquartile range, 2-9), indicating that the majority of enrolled patients had a mild to moderate stroke severity. For patients arriving within 24 hours from onset, the admission NIHSS score markedly declined between 2002 and 2005 (PϽ0.001) (online-only Data Supplement Figure II ), but it did not further decrease after 2005. Overall, all-cause mortality rates were 4% at 30 days and 12% at 1 year (Table 1) . Age-adjusted analyses did not show any significant decline in 30-day mortality (Pϭ0.966) but demonstrated a significant decline in 1-year mortality (PϽ0.001) ( Figure 3C ).
Discussion
Changing trends in stroke epidemiology in Korea should be understood in the context of the country's extremely rapid economic growth and globalization. Korea has achieved a remarkably high level of economic growth in a short period of time. Its economy is already the 10th largest in the world, and the rapid pace of its economic development over the past 3 decades is the highest according to the Organization for Economic Cooperation and Development. 6 In this period of transition, rapid industrial and societal changes could lead to dynamic changes in stroke phenotypes. The current nationwide stroke registry study indicates that even during a 9-year period within the first decade of 21st century, there were notable changes in age, risk factors, stroke subtypes, the public seeking out acute medical care, and reperfusion therapy. Understanding these dynamic trends in patient-and care-related domains could help to guide health providers and policymakers in developing guidelines for stroke prevention and care in Korea as well as in other rapidly developing countries.
The secular changes in demographic and risk factors are likely to impose changes in stroke subtypes, treatment, and outcomes. 11 Mean age of patients with stroke increased by Ͼ2 years from 64.5 to 66.7 years during the 9-year period, and the increase was greater in women than in men. Population aging in Korea is projected to be the fastest in the Organization for Economic Cooperation and Development area. 6 Aging of the present stroke population might be attributable to an increase in life expectancy of the general Korean population, which increased by Ͼ4 years from 76. Data are presented as n (%), unless otherwise indicated. P value was analyzed by log-linear Poisson regression. RR indicates relative risk; LAA, large artery atherosclerosis; SVO, small vessel occlusion; CE, cardioembolism; SOE, stroke of other etiology; SUE, stroke of undetermined etiology; A-ICAS, intracranial arterial stenosis of anterior circulation; A-ECAS, extracranial arterial stenosis of anterior circulation; P-CAS, posterior circulation stenosis.
years in 2009 (men, 77.0 years; women, 83.8 years). 12 The steep increase of age at stroke onset as well as the general population's life expectancy indicates a continuing increase of elderly patients with stroke who are generally at higher risk for poor prognosis and less responsive to intervention. Accordingly, societal burden of the elderly stroke population would be a significant concern in coming decades in Korea.
Meanwhile, risk factor proportions of hypertension, diabetes, smoking, and prior stroke have declined slightly. A recent systematic review indicates a slowly increasing trend in the prevalence in hypertension, diabetes mellitus, and dyslipidemia in the community. 13 However, the prevalence in the risk factors can vary depending on survey area, time, and age, sex, and disease distribution of the study population. The ideal stroke registry would be population based. Unfortunately, to date, there has been no systematic investigation for the prevalence of risk factors with respect to Korean ischemic stroke. In practice, it is very difficult to establish such an ideal stroke registry because of methodological and financial limitations. The current study is the first detailed analysis to our knowledge that is based on the KSR, which ensures moreaccurate and comprehensive nationwide data.
As widely recognized, hypertension was the most predominant risk factor in the population, but its prevalence in the stroke population decreased over time. In elderly patients, the occurrence of stroke attributable to hypertension is lower than in younger patients. 14 The increase of elderly patients with stroke might be one factor that explains the declining trend of hypertension frequency in the stroke population. On the other hand, hypertension is more closely associated with SVO than with CE. 15 Thus, the relative decrease of SVO and increase of CE would be another factor associated with the declining trend of hypertension frequency. However, taking its high prevalence and proven treatment efficacy in the elderly into account, the finding does not negate the priority of hypertension control for stroke prevention.
Smoking is also a leading risk factor in all stroke subtypes. 16 It should be noted that one third of the patients with stroke were current smokers or had a history of smoking of Ͼ2 years, despite its decreasing trend. Compared with the global stroke population enrolled in REACH (Reduction of Atherothrombosis for Continued Health) Registry, 17 the present patients with stroke had a lower rate of current or previous smoking. This low rate is likely attributable to a very low rate of smoking in women. The National Health and Nutrition Survey in 2005 reported that smoking prevalence was 53.3% in men and 5.8% in women aged Ͼ15 years in Korea. 18 This gender difference in smoking prevalence in Korea is much higher than in the US population (22.3% in men and 17.4% in women). 19 When restricted to the male stroke population, the rate of current or previous smoking was 52.6% and comparable to or higher than those of other countries. Because smoking is a major preventable risk factor, educational efforts to prevent or stop smoking should be further encouraged.
In the study, dyslipidemia was found in less than one fourth of patients with stroke, which is lower than the 30% to 50% observed in other studies. 17, 20, 21 However, it should be noted that we used a high threshold of total cholesterol (Ͼ240 mg/dL) and low-density lipoprotein cholesterol (Ͼ160 mg/ dL) to define dyslipidemia. When we started the KSR registry, definitions of hypercholesterolemia were not unified worldwide, and our threshold was the insurance reimbursement criteria for treating hypercholesterolemia. Therefore, with contemporary criteria applied, the dyslipidemia prevalence would be greater. Hypercholesterolemia within the REACH Registry was present in 67% of the population in Eastern Europe, whereas it is 45% in Asia. For carotid plaque, the prevalence rates ranged from 45.1% in Western Europe to 20.5% in Asia. 17 The present observation of a recent increase in dyslipidemia is consonant with the findings of an earlier study that demonstrated an increasing trend in dyslipidemia prevalence in Asians. 22 This changing trend indicates an adverse transition of vascular risk factors to a more atherogenic profile.
Although the relative proportion of SVO decreased, the proportion of CE increased from 14.7% to 20.5%, which is less than, but still approaching, the 25.6% of CE finding in the German Stroke Data Bank. 23 Increased physician awareness of the importance of CE source detection leading to a more-extensive work-up for this condition would partly explain the increase of CE. Actually, the performance frequency of diagnostic modalities, including transthoracic echocardiography, transesophageal echocardiography, and Holter monitoring, tended to increase across time periods over the 9 years studied (online-only Data Supplement Figure  III , online-only Data Supplement Table III ), but the changes were not substantial. A prior study reported that even after adjusting for age, atrial fibrillation incidence increased during the past 2 decades. 24 If the incidence continuously increases, the projected number of adults with atrial fibrillation would increase by 3-fold from 2000 to 2050. 25 Although atrial fibrillation was rare (0.1%-0.5%) in middle-aged patients, the prevalence was 3.5% to 9% in elderly patients. 6, 7 The increasing trend of CE in Korea is likely to be caused by the increased number of elderly patients with atrial fibrillation. 25, 26 The geographical variations of atrial fibrillation within the REACH Registry have been reported to range from 7.7% in Asia to 16% in North America. 17 However, our registry, in which the potential source of CE was classified only into a high-risk or medium-risk source, did not allow us to delineate the change of exact atrial fibrillation prevalence. CE stroke usually is more disabling and fatal and leads to a higher risk for recurrent stroke than other stroke subtypes. 11 In Korea, CE stroke is expected to continue increasing and should be aggressively prevented with optimal antithrombotic therapies.
The frequencies of distribution of intracranial and extracranial artery stenosis vary among different races and ethnicities. 27, 28 The ratio of intracranial stenosis to extracranial stenosis was reported be 4:1 in Asian patients with stroke. 29, 30 In Korean patients with stroke, the A-ICAS is still nearly 3 times the A-ECAS, but the ratio markedly decreased from 6.4-fold to 2.9-fold, and the extracranial stenosis is on the rise. Intracranial and extracranial artery stenoses have different risk factors and different pathophysiologies. 29, 30 In an autopsy study of patients with ischemic stroke, unstable plaque was a common cause of extracranial carotid occlusion, but in intracranial occlusion, fibrocalcific narrowing was the main cause of occlusion rather than unstable plaque. 29 Westernization of diet, increasing cholesterol level, and obesity in the general population may contribute to the increase of extracranial carotid disease in Korea. Of note, significant relevant A-ICASϩA-ECAS was found in 7% of the LAA subtype. Given that tandem lesions are common in Asian patients with stroke and carry a higher risk for further vascular events or poor outcomes, 31, 32 this patient subgroup would be the subject of future drug or intervention trials.
Prehospital delay is the most important obstacle in thrombolytic therapy. During the study period, hospital arrival within a 3-hour window improved by a relative 43% increase from 20% to 29%, and the thrombolysis rate improved by 1.3-fold from 5.3% to 7.0%. Improved acute care systems and educational programs in the general population and high-risk patients might contribute to these favoring trends. Actually, in 2007, the number of hospital beds; hospital length of stay; and number of physicians, nursing personnel, and consulting physicians in Korea were beyond those of the Organization for Economic Cooperation and Development average and comparable to a high-income country. 33 However, patients arriving within the 3-hour window are still fewer than those of other Asian and western countries. 34 -36 Given that patient or bystander awareness of stroke symptoms have been associated with shorter prehospital delays, 35, 37 expert endeavors to improve public awareness should be continued. Early mortality at 30 days was unchanged over time, whereas long-term mortality at 1 year modestly, but significantly decreased. The absence of detailed information regarding the cause of death did not allow us to fully explore the reason for the discrepant trends between early and long-term mortality rates. The secular improvement of the overall healthcare system could decrease a long-term mortality rate, but the increase in comorbidities and CE stroke according to advancing age could negate the beneficial effects of other factors. Further studies are required to disclose the precise reasons for mortality trends.
This study has several limitations. The findings were derived from a hospital-based registry, and most participating centers were neurology training hospitals. Therefore, the extrapolation of the findings to the general Korean stroke population might be limited. This study did not include all consecutive patients. Of all registered patients, Ϸ5% were excluded from this analysis because of missing information. In addition, data from patients with stroke who arrived at the emergency department but were not hospitalize were not captured. Nonetheless, this nationwide hospital-based registry has many advantages in that it can clarify diagnoses, classify subtypes, assess risk factors related to etiology, and observe treatment and outcomes.
